Because the growth-associated protein B-50 (GAP-43) has been implicated in neurite outgrowth as well as in synaptic plasticity, we studied its light and electron microscopical distribution in the mouse olfactory bulb, an area of the nervous system which exhibits a high degree of synaptic plasticity. Immunofluorescent staining with monospecific affinity-purified anti-B-50 antibodies revealed that B-50 is most abundantly expressed in the olfactory nerve fibre layer and the granule cell layer neuropil, while little staining was observed in the external plexiform layer and in cell bodies. B-50 is absent from dendrites and myelinated axons as indicated by double labelling with monoclonal antibodies against microtubule-associated protein 2 and the large neurofilament protein, respectively. Using post-embedding immunogold labelling on ultrathin Lowicryl sections, B-50 was found to be highly concentrated in presumed growth cones in the olfactory nerve fibre layer and in thin unmyelinated axons and presynaptic terminals in the granule cell layer neuropil. Near background immunolabelling was seen in perikarya, dendrites and myelinated axons. In view of the implication of B-50 in plasticity-related phenomena, its abundance in the thin unmyelinated preterminal axons suggests that these are potential sites of extrasynaptic plasticity.
Introduction
The neural-specific phosphoprotein B-50, also known as GAP-43, neuromodulin, F1, or pp46 (Benowitz & Routtenberg, 1987) , has been associated with neurite outgrowth (Skene & Willard 1981a,b) , neurotransmitter release (Dekker et al., 1989b) , and synaptic plasticity (Lovinger et al., 1985) . B-50 is a prominent substrate of protein kinase C (Kratz et al., 1985 , Van Hooff et al., 1988 , Dekker et aI., 1989a , and it modulates several second messenger systems (Skene, 1989) . B-50 affects the formation of phosphatidylinositol bisphosphate (Gispen et al., 1985) , from which the second messenger inositol trisphosphate (IP3) is generated, and is able to bind to calmodulin (Alexander et al., 1987) . In addition B-50 enhances the binding of GTP to a G0-protein (Strittmatter et al., 1990) .
In early postnatal brain (De Graan et al., 1985; Skene et al., 1986) and in neuronal tissue culture (Meiri et aI., 1986 (Meiri et aI., , 1988 Ramakers et al., 1991b) B-50 is most prominently expressed in neuronal growth cones and in distal axons, where it might operate to translate extracellular signals to the growth cone cytoskeleton to mediate directed outgrowth (Ramakers et al., 1991c) . In adult brain, B-50 levels are relatively high in areas thought to exhibit a high degree of synaptic plasticity, including the hippocampus and association areas in the cortex (Neve et al., 1988; Benowitz et aI., 1988; De la Monte et al., 1989) . B-50 is present in presynaptic terminals (Gispen et al., 1985; DiFiglia et al., 1990) and in unmyelinated fibres and in dendritic spines in the neostriatum (DiFiglia et al., 1990) . Studies with antibodies that can discriminate between phosphorylated and dephosporylated B-50 have shown that the protein becomes phosphorylated during axonal transport (Meiri et al., 1991) .
An area of the adult mammalian nervous system where extensive synaptic plasticity occurs is the olfac- various olfactory bulb neurons is illustrated in Fig. 1 . Primary olfactory neurons in the olfactory neuroepithelium are continuously generated from stem cells to replace degenerating neurons in the outer layers of the epithelium. Thus, there is continuous turn-over of their synaptic connections on dendrites of mitral cells, tufted cells and periglomerular cells (Graziadei & Monti-Graziadei, 1978) . The developmental and synaptic plasticity of olfactory neurons is reflected in the continued expression of developmental markers, in-cluding vimentin (Schwob et al., 1986) , the embryonic neural cell adhesion molecule (Miragall et aI., 1988) , and microtubule-associated proteins MAP2c, MAP5a and 'juvenile' tau (Viereck et al., 1989) . B-50 is specifically expressed in newly formed primary olfactory neurons in the adult olfactory epithelium (Verhaagen et aI., 1989 (Verhaagen et aI., , 1990a . In the main olfactory bulb (MOB), this was reflected in punctate B-50-immunostaining of the incoming primary olfactory axons, which form the nerve fibre layer of the MOB. Mitral and periglomerular cells in the olfactory bulb expressed high levels of B-50 mRNA in young adult (Rosenthal et al, 1987; De la Monte et al., 1989) and aging animals (Verhaagen et al., 1990a) . We proposed that this high expression of B-50 mRNA could reflect plastic responses of the mitral cells to the turn-over of connections between primary olfactory axon terminals and mitral cell dendrites in the glomeruli of the MOB. On the other hand, the persistent expression of B-50 mRNA in mitral cells may be related to synaptic plasticity of mitral cell synapses in the piriform cortex (Verhaagen et al., 1990a) .
To investigate further these possibilities, we carried out a detailed study on the localization of B-50 in the mouse MOB, by comparing its light microscopic distribution with that of specific marker proteins: olfactory marker protein (OMP), a protein expressed in mature primary olfactory neurons (Farbman & Margolis, 1980) , MAP2, a dendritic :marker absent from axons (Bernhardt & Matus, 1984) , and the high molecular weight neurofilament protein (Ramakers et al., 1991a) , specific for myelinated axons. Furthermore, the ultrastructural distribution of B-50 was investigated, using postembedding immunostaining with gold probes on Lowicryl-embedded MOB. B-50 expression is most prominent in a subset of olfactory axons and in their presumptive growth cones in the nerve fibre layer, in unmyelinated axons in the granule cell layer and in the projection areas of mitral cells in the pyriform cortex.
Materials and methods

Fixation and tissue preparation
Six-week-old mice of the FVB strain were injected with 100 IU of heparin and anaesthetized with 50 ~1 Narcovet. Subsequently, they were perfusion fixed for 15 min at a rate of 8 ml min i with 4% paraformaldehyde in PBS (10 mM phosphate buffer (pH 7.3) in 0.9% saline, 37 o C) for immunofluoresence (n = 2) or with 100 ml of 2% glutaraldehyde (Polysciences Inc., biological grade, Warrington, USA) and 4% paraformaldehyde (BDH, Poole, UK) in PBS for EM (n = 2). After removal, fixation of the brains with attached olfactory bulbs was continued overnight at 4 ~ C. For immunofluorescence, the brains were infused with 10, 20 and 30% sucrose in PBS at 4 ~ C until they sank, and subsequently frozen in 10 ml of isopentane in a small container on liquid
